Purpose. To present our experience of combined single-percutaneous tract minimally invasive percutaneous nephrolithotomy (MPCNL) and flexible ureteroscopic lithotripsy (FURL) in managing staghorn calculi (SC) in oblique supine lithotomy position and to define the safety, efficiency, and feasibility of this approach. Patients and Methods. Eighty-seven patients with SC treated with surgery in our hospital from March 2014 to January 2016 were retrospectively analyzed. The 87 patients were divided into 2 groups according to operative type: MPCNL combined with FURL (Group 1, n = 44) and MPCNL (Group 2, n = 43). The clinical data, perioperative parameters, and postoperative complications of the 2 groups were compared and analyzed. Results. There were no significant differences in age, gender, stone type, and size (P = .873, .570, .448, and .593, respectively). The average operative time, the average hospitalization time after surgery, the hemoglobin level, and the complication rate of Group 1 were lower than that of Group 2 (P < .05 each). The first and second time stone free rates of Group 1 were higher than that of Group 2 (P < .05 each). Conclusion. Single-tract MPCNL combined with FURL in the oblique supine lithotomy position to treat SC could improve stone free rates, reduce operative time and length of hospital stay, decrease renal hemorrhage, and avoid other complications. We think this is an efficient and safe operative approach to manage SC.
Introduction
Staghorn calculi (SC) are stones that occupy renal pelvis and branch into several or all of the calices. 1 In recent years, percutaneous nephrolithotomy (PCNL) has become the main mode of operation for staghorn calculi with high efficiency compared with conventional open surgery. 2 Nevertheless, multiple percutaneous tracts or multiple operations were often needed to improve stone free rate (SFR), which increases the chance of renal injury, resulting in serious complication such as bleeding and increased length of hospital stay. 3, 4 This study was designed to evaluate a new technique of single-tract minimally invasive percutaneous nephrolithotomy (MPCNL) combined with flexible ureteroscopic lithotripsy (FURL) in managing SC in the oblique supine lithotomy position.
Clinical Materials
Eighty-seven patients with SC treated with surgery in our hospital from March 2014 to January 2016 were retrospectively analyzed. Radiological evaluation was performed with kidney-ureter-bladder plain image, ultrasonography, intravenous urography, and/or computed tomography scan for all patients. Unilateral staghorn renal calculi were included in this study. In total, the 87 patients were then divided into 2 groups according to the type of operation: MPCNL combined with FURL (Group 1, n = 44) and MPCNL (Group 2, n = 43). For Group 1, 25 were males and 19 were females; the average age was 46.182 ± 12.743 years; there were 31 cases with partial SC and 13 cases with complete SC; the mean stone size was 5.171 ± 0.942 cm. For Group 2, 27 were males and 16 were females; the average age was 45.767 ± 11.223 years; there were 27 cases with partial SC and 16 cases with complete SC; the mean stone size was 5.277 ± 0.903 cm (Table 1) .
Methods

Preoperative Preparation
All patients underwent urinalysis, urine culture of midstream clean catch urine, and other routine preoperative tests and examinations. The patients with urinary tract infection were treated with antibiotics for 3 to 7 days until the infection was controlled, and the urinalysis showed that the white blood cell count went back to normal.
Surgical Technique
Epidural anesthesia or general anesthesia was used. For combined treatment using FURL and MPCNL, patients were positioned at oblique supine lithotomy position. Specifically, patients were inclined to lie on the healthy side with 25° to 45° oblique, hips and shoulders were padded, and the waist was suspended. A 5 French (F) ureteral catheter was inserted retrogradely into the diseased sided ureter through ureteroscope. A Foley catheter was then indwelled and the distal end of the ureteral catheter was fixed on the Foley catheter. The distal end of the ureteral catheter was then connected with normal saline infusion in order to create artificial hydronephrosis on the diseased side. With the guidance of Doppler ultrasonography, an 18 G puncture needle was stabbed into the target calyx through posterior axillary line and the 11th intercostal space or subcostal margin of the 12th rib. Puncturing was judged as successful once we saw urine coming out from the puncturing needle. Subsequently, the percutaneous tract was dilated up to 18 F using Amplatz dilators over a guidewire, and a 16 F Amplatz sheath was then placed into the collecting system. Stone disintegration was achieved using a holmium laser. Stone fragments were removed with graspers. We used FURL when there were no obvious stones by percutaneous renoscopy after lithotripsy. A guidewire was placed into the upper urinary tract through semirigid ureteroscopy. After withdrawing the semirigid ureteroscope, a flexible ureteroscope delivery sheath (Cook, Bloomington, IN) was placed. The flexible ureteroscope (URF-P5, Olympus) was then passed into the upper urinary tract over the guidewire. A holmium laser was used at an energy setting of 0.8 to 1.2 J and a frequency of 10 to 20 Hz. The size of the laser fiber was 200 µm. Stone fragments were removed through the percutaneous renal access after the residual stones were crushed. At the end of procedure, the whole collecting system was inspected for residual stones and a double-J pigtail ureteric stent (5-7F) was left for 2 to 6 weeks to be removed. A 16 F silicone nephrostomy tube was then placed in the PCNL channel for drainage. In the end, a transurethral Foley catheter was placed.
Postoperative Management and Evaluation
Postoperative blood pressure and amount and color of drainage from the nephrostomy tube and Foley catheter were closely monitored. The nephrostomy tube and Foley catheter were removed 3 to 7 days after the surgery. Stone clearance rate and double-J stent position were evaluated postoperatively. The SFR was defined as no residual fragments or the diameter of fragments were less than 4 mm by computed tomography and kidneyureter-bladder plain image, which were performed on postoperative day 1 or day 2, and 4 weeks after the surgery. 5 The patients who underwent suboptimal MPCNL due to bleeding or failed FURL component due to poor ureteral condition with residual stones larger than 5 mm would consider second surgical treatment 5 to 10 days after surgery. 
Outcome Measures
Average operative time, average hospitalization time after surgery, hemoglobin level, the first and second time SFRs, and the complication rate were evaluated. 6 The complications were classified by the Clavien-Dindo classification system. 7 
Statistical Analysis
Statistical analysis was done using Statistical Package for Social Science, version 14.0 (SPSS Inc, Chicago, IL). Categorical variables were compared with the χ 2 test or Fisher's exact test, while continuous variables were compared with the t test. P < .05 was considered statistically significant.
Results
The surgeries for all the patients in this study were successfully completed. Operative and postoperative data are summarized in Table 2 . Mean operative time for Group 1 was significantly shorter than that of Group 2 (87.500 ± 16.473 vs 102.744 ± 10.711 minutes, P = .000). Likewise, mean hospitalization time was significantly shorter (9.659 ±3.524 vs 11.837 ± 3.716 days, P = .006) while mean hemoglobin level drop after the surgery was significantly less (1.561 ± 0.371 vs 3.795 ± 0.700 g/dL, P = .000) for Group 1 versus Group 2. Also, SFR of Group 1 was significantly higher than that of Group 2 both in the first and second phases of surgery (79.545% vs 51.163%, P = .005; and 90.909% vs 69.767%, P = .013, respectively).
The complication rate for Group 1 was lower than that of Group 2 (6.818% vs 23.256%, P = .032). In Group 1, 3 patients experienced postoperative fever (Clavien I; n = 3). In Group 2, 10 patients experienced complications that included postoperative fever (Clavien I; n = 8), postoperative bleeding needing blood transfusion (Clavien II; n = 1), and postoperative pleural injury (Clavien II; n = 1). All the complications were managed and cured after symptomatic treatment. Neither group had complications higher than Clavien II (Table 3) .
Discussion
With the rapid development of endoscopic techniques since the 1990s, PCNL has been performed more and more in China and now has become the main treatment approach for SC. 4 Conventional PCNL requires change of body position during operation and establishment of percutaneous surgical channel before the surgery. 8 In addition, high expectation from both the patient and the urologist to clear the staghorn calculi by one PCNL procedure often leads to serious complications including massive bleeding, septicemia, colon injury, and hemothorax. 9 Should the damage to the kidney be massive, a nephrectomy may be needed, and worse, some patients may die from the surgery. 10 Therefore, there is an urgent need to find a new way to make up for the deficiencies of the traditional surgical approach.
Through comparison of different operative and postoperative data as shown in Tables 2 and 3 , we found significant advantages to use single-tract MPCNL combined with FURL in the oblique supine lithotomy position for managing SC that include average operative time, average hospitalization time after surgery, hemoglobin level, complication rate, and first and second time SFRs. The specific advantages are as below. First, position advantage. In traditional PCNL position change is needed from lithotomy position to prone position. 11 The change leads to increased operation time and anesthesia risk. 11 In contrast, it is simpler and more convenient when we do the surgery in the oblique supine lithotomy position. Nevertheless, the patient's hips and shoulders must be padded with water bag or cotton cloth to prevent injury. 12 Second, the advantages from a smaller sized tract. Traditional PCNL for SC often needs to establishing a bigger (24-32 F) and multiple tracts, and the risks of renal hemorrhage and adjacent organ injury are increased. 13 Our single-tract MPCNL only needs a small-sized tract at 14 to 18 F, and bleeding and other intraoperative iatrogenic injuries are therefore reduced.
Third, the advantages of FURL. FURL is a newer technology becoming popular in recent years.
14 It is mainly used for the treatment of small and medium-sized stones in the upper urinary tract with its main advantage to be able to complete the surgery through the natural channel in lithotomy position with smaller risk of complications due to a significant reduction of iatrogenic injury.
14,15 Also, the FURL can make up for the deficiency of PCNL because of its ability to reach the renal pelvis and calices. 16 When some stones were packaged in polyps or trapped in diverticulum, we can use holmium laser to carve the polyps or the diverticulum under ureteroscopic visualization. 17 Fourth, the advantages from the combination of FURL and MPCNL. Sole FURL is not suitable for the treatment of large kidney stones because of its lengthy operative time and low efficiency. 18 Sole FURL to manage large stone often requires repeated surgeries resulting in increased costs. 19 Difficulty in draining surgical fluids during the surgery often leads to serious complications such as sepsis. 20 In addition, it is more difficult to clear the crushed stones by using flexible ureteroscopy, which increases the operative time and risk of formation of stone after the surgery. 21 When MPCNL was added to FURL, difficulties of water circulation and clearance of crushing stones were resolved. The difficulty to use sole MPCNL for the treatment of SC is that it is hard for us to find hidden and distant kidney stones due to limitations of the percutaneous channel and the angle of the renal pelvis. 22 However, when FURL was added to MPCNL, the above-mentioned difficulty is resolved. We have therefore achieved shorter operative time and hospital stay and smaller rate of complications by combining both the methods.
To summarize, our strategies to improve the SRF of SC are as below. We had made MPCNL as the main treatment approach, making full use of its advantages such as high speed and high efficiency. The establishment of the MPCNL channel must take into account the distribution of SC in the kidney. We established the operative channel from either the lowest or the highest point of the staghorn, or a channel passing through the longest axis of the staghorn. 23 We tried to remove most of the stones using MPCNL in the first surgery, but it was not mandatory to remove all of them. However, we always tried our best to remove all the stones in lower renal calyces. We therefore just needed FURL to remove residual stones in the second surgery, so both Stage 1 and Stage 2 surgeries were usually quick. The "double-J" stent indwelled after the Stage 1 surgery could expand the ureter, and therefore facilitate the insertion of the ureteral access sheath of the flexible ureteroscope. In addition, there was usually no bleeding from the percutaneous tract 5 to 10 days after the first stage surgery, ensuring a clear visualization for the second stage surgery using the flexible ureteroscopy. During the second stage surgery, after finding the residual stones using the flexible ureteroscope retrogradely, we usually performed in situ lithotripsy if the residual stone was not large. When the residual stone was larger, we usually performed PCNL through the original percutaneous tract after basketing the residual stone to the renal pelvis. 24 This approach could greatly reduce the frequency and time of the FURL so that the risk of damage to the flexible ureteroscope was reduced. In the meantime, the speed of lithotripsy and stone clearance was significantly increased. We know that FURL was convenient for clearing kidney stones in the upper and mid calyces, but was not convenient for stones in the lower kidney calyces due to a too small angle between the ureter and the calyx, and the fact that the bending degree of the flexible ureteroscope is decreased after placing the holmium laser fiber. 25 In summary, we should make full use of MPCNL as a method to win in the main battlefield while using FURL to clean the battlefield. The 2 methods combined could maximally improve the SFR.
Despite all the advantages, we do acknowledge the limitations of this study as a nonrandomized study including potential ascertainment and bias. The other drawback of this study is that we did not collect stone composition data for comparison. Theoretically, SFR could be affected should there be differences in stone components between the 2 groups.
Conclusions
In the oblique supine lithotomy position, MPCNL combined with FURL is a safe and efficient procedure that often provides complete resolution of SC in a single step without the need for multiple percutaneous tracts and in a single operation position without the need for repositioning. This promising new technique represents a significant improvement in the treatment of patients with SC.
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